Annatto byproduct is the residue from the extraction of powder dye that covers the seed pericarp; after processing, between 94% and 98% of the original product is considered a byproduct. The aim was to evaluate the influence of increasing levels of annatto byproduct on the components of sheep body weight. Thirty-two male sheep, not castrated, with initial weight of 23.17 ± 1.45 kg, without a defined breed, were used in randomized blocks in all four treatments (0, 100, 200 and 300 g kg −1 of annatto byproduct in the diet dry matter). The increase to 300 g kg −1 of annatto byproduct had a negative linear effect (P < 0.05) for hot carcass weight (kg) and cold carcass weight (kg). Increasing levels of annatto byproduct resulted in a linear reduction (P < 0.05) for palette weight (kg), leg weight (kg), carcass compactness index (kg cm −1 ), liver weight (kg) and skin weight (kg). The inclusion of annatto byproduct up to 200 g kg −1 of dry matter in sheep diets did not affect the components of sheep body weight.
Introduction
The finishing of feedlot lambs does not constitute a usual practice among Brazilian sheep farmers, who traditionally adopt the extensive system of production. However, due to good marketing prospects of sheep meat, it is necessary to intensify the lamb termination process to reduce the production cycle and improve carcass quality .
Generally, variable costs associated with the feeding of animals in feedlots account for a significant share of this system's total spending. Associated with this, there is a lack of vocation in the Northeast region for the production of ingredients traditionally used in animal feed, such as corn and soybeans.
In this context, the use of agro-industrial byproducts in feeding sheep has become increasingly common as an alternative to reduce production costs per kilogram of meat, and it may alternatively be economically viable and environmentally friendly for intensive production systems of sheep meat (AWAWDEH, 2011; AZEVÊDO et al., 2011) .
A byproduct that is attracting interest is the result from the processing of a tropical shrub known as annatto (Bixa orellana L.) (PEREIRA et al., 2008; SILVA et al., 2005) . According to De Rosso and Mercadante (2009) , Brazil is the greatest producer and exporter of annatto seeds and extracts, which are used as a colorant in the food, pharmaceutical and cosmetic industries.
Annatto byproduct (AB) is the residue from the extraction of powder dye that covers the seed pericarp. After processing, between 94% and 98% of the original product is considered a byproduct (BRAZ et al., 2007; PRESTON; RICKARD, 1980) . Clementino (2008) studied the inclusion of 0, 200, 400, 600 and 800 g kg −1 of AB in the dry matter (DM) of diets containing Tifton 85 hay for sheep and noted that the intake of DM expressed in g day −1 , % live weight (LW) and g kg −0.75 increased linearly with the addition of AB to diets. The same behavior was observed for the consumption of organic matter (g day −1 , % LW and g kg −0.75 ), crude protein (g day −1 , % LW and g kg −0.75 ) and nonfibrous carbohydrates (g day −1 , % LW and g kg −0.75 ). Linear increases in digestibility coefficients (%) of DM, crude protein and total carbohydrates were also observed with the inclusion of AB.
The nutritional component of animal production systems is the main factor involved in animal growth and development, which thus influences the yield and weight of sheep body parts (GONZAGA were blocked, according to weight, into four treatments, totaling eight replications.
Upon arrival, the animals were treated against endoparasites and ectoparasites (TRIMIX ® ) and vaccinated against clostridial diseases (SINTOXAN ® 9TH). The experimental period lasted 78 days, being 20 days of adaptation and 58 days of data collection.
Throughout the experimental period, the animals were kept in individual stalls with 1.0 m × 2.8 m dimensions supplied with feeders and drinkers, with water at will. In this period, the supply of food, leftovers and animals were weighed to quantify the consumption of food and animal performance, respectively.
The treatments consisted of four levels of inclusion of AB (0, 100, 200 and 300 g kg −1 ) in diet DM (Table 1) . The control diet (0 g kg −1 AB) was formulated to meet male sheep requirements with a 25 kg average weight for maintenance and gain of 150 g day −1 (NATIONAL RESEARCH COUNCIL, 2007) . The chemical composition of the ingredients used in experimental diets and the percentage composition of the diets are shown in Tables 1 and 2. The analyses of DM, mineral matter (MM), crude protein (CP) and ether extract (EE) followed the methodologies described by Silva and Queiroz (2002) . To determine neutral detergent fiber (NDF) and acid detergent fiber (ADF), the methodologies described by Van Soest et al. (1991) were used, with modification in relation to bags (polypropylene bags were used; non-woven fabric, weight 100 g m −2 ) and autoclave.
For the estimation of total carbohydrates (TC) and non-fiber carbohydrates (NFC), respectively, the following equations were used as proposed by Sniffen et al. (1992) : TC = 100 − (%CP + %EE + %MM); NFC = 100% − (%CP + %NDF + %EE + %MM). The total digestible nutrients intake (TDNI) was calculated as described by Weiss (1999) : TDNI = CPD + EED × 2.25 + NFCD + NDFD, where CPD = (CP ingested − CP feces), EED = (ingested EE − EE feces), NFCD = (ingested NFC − NFC feces) and NDFD = (NDF ingested − NDF feces), and total digestible nutrient content (TDN) was calculated by: (% TDN = consumption/DM consumption × 100).
After the confinement period, animals were randomized in a slaughter order and submitted to solid fasting for 16 h. At slaughter, the animals were weighed to obtain slaughter body weight (SBW), desensitized by concussion through non-penetrative percussion, suspended by the hind limbs through ropes and bled by a cut of the carotid arteries and jugular veins (BRASIL, 2000) .
Still suspended, the animals were manually scraped using common knives according to the methodology of Cezar and Sousa (2007) . The head was separated by section of the cervical vertebrae at the atlanto-occipital joint, and the feet were obtained by a cut of the front legs in the carpal-metacarpal joints and of the hind limbs by a cut of the tarsusmetatarsal joints.
The internal components of the pelvic, abdominal and thoracic cavities were extracted and their weights were recorded. The gastrointestinal tract content was quantified by the difference between the weights of the full and empty gastrointestinal tract. The SBW subtracted from the gastrointestinal content matched the empty body weight (EBW) (CEZAR; SOUZA, 2007; SILVA SOBRINHO, 2001) .
The animals bled, decapitated, skinned, gutted, amputated and with kidneys and perirenal fat constituted the hot carcass. With the hot carcass weight (HCW) obtained, they were conducted to the cold room, with an average temperature of 4 °C, where they remained for 24 h suspended from single hooks by the tendon of the gastrocnemius muscle. The carcass weight after 24 h in cooling corresponded to the cold carcass weight (CCW).
Cooling loss (CL) (%) was quantified using the formula CL (%) = (HCW − CCW/HCW) × 100 (SILVA SOBRINHO, 2001) .
Still suspended, the following morphometric measurements were obtained from the cold carcasses: carcass internal length, carcass external length, leg length, thoracic perimeter, rump perimeter, thorax depth, thorax width and rump width according to the methodology of Cezar and Sousa (2007) .
The carcass compactness index (CCI) and leg compactness index (LCI) were obtained by the following formulas: CCI (kg cm −1 ) = CCW/carcass internal length, and LCI = rump width/leg length.
After the measurements on cold carcasses, the kidneys and perirenal fat were removed, which were subtracted from HCW and CCW for calculation of hot carcass, cold carcass and biological yields following the formulas: HCY (%) = (HCW/SBW) × 100; CCY (%) = (CCW/SBW) ×100; and BY (%) = (HCW/EBW) × 100, respectively (SILVA SOBRINHO, 2001) .
After removal of the tail, each carcass was sagittally divided and the left half sectioned into six anatomical regions that made the following cuts: neck, palette, rib, loin, leg and sawcut, according to a methodology from Cezar and Sousa (2007) . The individual weight of each cut, composed of the cuts made in the left half carcass, was recorded for calculation of proportion related to the sum of halfreconstituted carcasses, thus obtaining the carcass cut yields.
In the left half carcass, there was a crosssection between the 12th and 13th ribs, exposing the cross-section of the longissimus dorsi muscle, whose area was dashed with a permanent marker, with a medium point of 2.0 mm, on a transparent plastic film to obtain the loin eye area (LEA). Thus, by means of a graduated 30 cm ruler, the maximum width (A) and the maximum depth (B) were obtained to be used in the formula: LEA = (A/2 × B/2)π, according to Silva Sobrinho (2001), and thus its area was determined. The thickness of loin subcutaneous fat was measured with a caliper, obtained at three-quarters of the distance from the medial side of the longissimus dorsi muscle, the midline.
Non-carcass components: organs (heart, lungs, spleen, liver, kidneys, pancreas, diaphragm, tongue), viscera (rumen, reticulum, omasum, abomasum, small intestine and large intestine) and slaughter byproducts (blood, skin, head, paws and internal fatty deposits: omentum, mesentery, pelvic+kidney and fat linked to intestines) were considered, as proposed by Silva Sobrinho (2001) .
The data were submitted to analysis of variance, regression analysis and mean test. For the regression, models were chosen based on the significance of the coefficient of determination. The P-values were significant at 0.05% probability and considered a tendency at 0.10% probability. To compare the means, Dunnett's test was used, adopting 0.05% as a critical level of probability for error type I. Statistical analyses were performed using SAEG (Statistical Analysis System and Genetic) software.
Results and Discussion
HCW and CCW decreased linearly (P < 0.05) with the inclusion of AB in the diet (Table 3) . The increase of AB level decreased the diet energy density (Table 1) , negatively influencing the HCW (kg) and CCW (kg) of animals. Diet energy density influences the development of animals, influencing, in turn, the weight and carcass yield (GONZAGA NETO et al., 2006; MEDEIROS et al., 2009; PEREIRA et al., 2010) . It is noteworthy that, despite the negative linear behavior for carcass weight, Dunnett's test (P < 0.05) did not identify differences between the control treatment and other treatments with the inclusion of AB. Carcass yield is influenced by a variety of factors, among which gastrointestinal tract content (GTC) stands out. In the present study, GTC was equivalent to 16.50% of the body weight of the animal at slaughter. The forage-to-concentrate ratio of 55 : 45 and the type of voluminous content certainly contributed to the high levels of GTC (kg and %).
HCY and CCY showed averages of 46.18% and 43.75%, respectively. Although they did not differ among treatments (P > 0.05), HCW and CCW tended (P = 0.083 and P = 0.084) to a negative linear behavior. CL were higher than 5% in all other treatments and did not differ (P > 0.05) among them.
CL did not suffer the influence of annatto inclusion levels (P > 0.05). However, they were high (5.24%). CL of 5.00% were reported by Gonzaga Neto et al. (2006) for Morada Nova sheep. These losses depend on the amount of fat cover, which in native or non-specialized genotypes is low due to different partition of adipose tissue in the body of this group of animals MIRKENA et al., 2010) .
Palette weight (kg) and leg weight (kg) decreased linearly (P < 0.05) with the addition of AB to diets (Table 4 ). Due to a low line coefficient, Dunnett's test was also used to compare the means of the control (0 g kg −1 AB) with the other treatments. The inclusion of 300 g kg −1 AB reduced the weight of the half cold carcass (kg), palette (kg) and leg (kg), when compared to the control treatment. The weights of the loin (0.57 kg), sawcut (0.83 kg) and neck (0.81 kg) were not affected (P > 0.05) by the inclusion of AB. The cut yields were not affected (P > 0.05) by the inclusion of the byproduct.
The palette weight (kg) and leg weight (kg) decreased linearly (P<0.05) with the addition of AB to diets (Table 4) . Members have an early growth and concentrate the largest muscle masses of the animal body, so the effect of the nutritional plan can be seen in carcass ends more markedly than in other anatomical regions (GERRARD; GRANT, 2006) .
Probably, the highest weights of the palette and leg, which together accounted for 52.34% of the carcass, also contribute to explaining the observed differences between HCW and CCW among treatments (Table 3) .
Increasing levels of AB afforded a linear decrease (P < 0.05) in leg length (cm) and CCI (kg cm −1 ) ( Table 5) .
Measurements of length, width, depth and perimeter obtained from the carcasses were not influenced (P > 0.05) by the inclusion of AB. Morphometric measurements, except for leg length, were not affected by the levels of inclusion of AB. The 1.10 kg difference in CCW among treatments may explain the lack of difference between most carcass measurements.
The negative linear behavior of CCI can be explained by the reduction, also linear (P < 0.05), of CCW. Oliveira et al. (1998) reported a 0.98 correlation coefficient (P < 0.01) between carcass compactness and CCW of sheep of different genotypes. According to Junkuszew and Ringdorfer (2005) , LEA is an excellent estimator of carcass muscularity, showing a 0.69 correlation with this parameter. In the present study, LEA averaged 12.4 cm 2 , not influenced (P > 0.05) by the addition of AB. Values obtained in this study were similar to those reported by Lombardi et al. (2010) and by Moreno et al. (2010) , who worked with slaughtered sheep averaging 30 kg body weight.
The inclusion of the AB in the diet positively influenced (P < 0.05) liver weight (Table 6 ). It is common that the weight of liver and other primary metabolism organs, such as heart and lungs, monitors the power levels of the diet (FONTENELE et al., 2010; MEDEIROS et al., 2008) . In the present study, this behavior was not observed.
One hypothesis for enlarged liver is a probable toxic effect of annatto. Hepatotoxicity of annatto extract was discarded by Bautista et al. (2004) and Garcia et al. (2012) ; however, Paula et al. (2009) reported that the addition of aqueous extract of annatto seed to rat diet caused liver hypertrophy. Thus, it can be inferred that the excess of atypical carotenoids present in diets with increasing levels of annatto contributed to the increased liver weight, since this organ is where lipids are metabolized. The skin is the largest non-carcass component of commercial value, amounting to 20% of the total commercial value of the animal. Skin weight linearly decreased (P < 0.05) in sheep fed diets including AB. Based on the results of Garcia et al. (2014) , who observed positive heterogonic growth for skin, it can be inferred that the tendency to reduction of EBW (p = 0.06) on inclusion of AB explains the behavior observed for skin weight.
As for the fatty deposits, there was no effect (P > 0.05) on the internal deposition of different fats with AB inclusion. The relationships of total fat deposits to body weight at slaughter (3.63%) and EBW (4.34%) were, in absolute terms, very high. This fact relates that native breeds of sheep prioritize internal fat deposits MIRKENA et al., 2010) .
The inclusion of AB up to 200 g kg −1 of DM of sheep diets did not affect the components of sheep body weight. Thus, the inclusion of this byproduct in the diet can be made, but it is dependent on the cost of the alternative food.
